Objective: To investigate if multivariate risk calculation can discriminate those infants who do not recover after an obstetric brachial plexus injury (OBPI).
Introduction
Obstetric brachial plexus injury (OBPI) is generally considered to be caused by stretching or tearing of the roots of the brachial plexus. This may result from difficulty delivering the anterior shoulder, but also from breech extraction 15 . The incidence of OBPI varies between 1-4/1000 liveborn infants 6;7;9;13;14;20;22 . It is reported that 80-90% of these infants recover completely within one year 7;9;20;22 . Late sequelae vary from minor loss of function to complete paralysis of the arm.
Neurosurgery may improve outcome but will never achieve complete recovery 18 .
In view of the lifelong impact prevention of non-recovered OBPI would be of great importance. Although several studies have described risk factors for OBPI and have unanimously concluded that risk factors are of low predictive value, these studies never addressed the interaction between variables by multivariate analysis while taking the severity of the lesion or the recovery rate into account. Therefore we reviewed our database with special interest for the relation of obstetric parameters with prevalence and recovery of OBPI.
Material and methods
All infants with OBPI born alive from 1988 through 1996 in the obstetric department of the Academic Medical Center, Amsterdam, were reviewed. The hospital is a level 3 referral center and serves primary and secondary care only for a limited area around the hospital. A major part of the population in this area immigrated during recent years, mainly from Surinam, West Africa and the Indian subcontinent. Most primary obstetric care is provided by independent midwives, who refer only when complications occur.
For the detection of cases with OBPI who were born in our hospital we used the databases of the departments of obstetrics, neonatology, paediatrics and rehabilitation medicine. Followup was performed by the paediatric department in cases with early recovery and by the rehabilitation medicine department when recovery was delayed or incomplete. OBPI was classified according to Sunderland's grading of the most severely injured nerve or root
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.
Both neurological and functional aspects were taken into account. The minimal duration of follow-up was one year. The infants were divided into two groups: those with complete recovery and those who did not recover completely.
The complete cohort of live born infants at a gestational age ≥30 weeks from 1988 through 1996 without OBPI in our hospital was used as control population. Infants with lethal congenital abnormalities were excluded. 
Results
During the study period 13,366 infants were born alive in our hospital without lethal congenital abnormalities at a gestational age ≥30 weeks.
Sixty-two of these infants sustained an OBPI (incidence 0.46%). Twenty-two recovered completely within one month and 23 showed delayed complete recovery (Table 1) . Of the 17 infants (27%) with remaining paresis eleven were treated surgically. Three of these have a lasting severe paresis, while the others have only mild paresis. Two of the infants had a bilateral OBPI. There was full recovery of one arm and they had surgery of the other, which resulted in partial recovery. One infant with an indication for surgery was not treated because of parents' refusal. This child still has a complete paralysis of the arm. Five infants, who were not treated surgically, were eventually able to use their hand and arm well, notwithstanding a certain degree of paresis.
Birth weight
The prevalence of OBPI in relation to birth weight is presented in Table 2 . Below 3500 grams the incidence was low (0.14%) and not related to birth weight. Only one of the 13 infants with a birth weight < 3500 g did not recover fully. The incidence of OBPI in infants with a birth weight over 3500 g was much higher (1.16%). Sixteen (33%) of 49 infants with OBPI and a birth weight over 3500 g did not show full recovery. Recovery > 1 month 23 37
Mild paresis 13 21 Severe paresis 3 5
Complete paralysis 1 2 Table 1 . Long-term outcome of the 62 infants with obstetric brachial plexus injury (minimal duration of follow-up: 1 year) Mode of delivery Table 3 shows the prevalence of OBPI related to mode of delivery. A total of 10,330 singleton infants were delivered vaginally, 9,912 in cephalic presentation and 418 (4%) in breech presentation. Fifty-six singleton infants, who were delivered vaginally in cephalic presentation, had an OBPI (0.56%) and 16 (28%) of these infants did not recover completely. Four (0.96%) singleton infants, who were delivered vaginally in breech presentation, had an OBPI, which did not recover fully in one. Three of these infants had been delivered by partial breech extraction, while the fourth one was born spontaneously.
In all, 713 infants from multiple pregnancies were born vaginally, 521 in vertex presentation and 192 (27%) in breech presentation. One of these infants (second twin, breech extraction, 38 week, 2665 g) had an OBPI, and recovered completely.
A total of 2,323 (17%) infants were born by caesarean section. One of these infants (breech presentation, 32 week, 1357 g) suffered from OBPI, and recovered completely. 
Risk factors
The risk factors of all OBPI and of non-recovered OBPI in infants delivered vaginally in cephalic presentation are presented in 
Predictive model in infants born vaginally in cephalic presentation
A predictive model for non-recovered OBPI in infants born vaginally in cephalic presentation was calculated by stepwise logistic regression analysis. Because birth weight and sex of the infant are generally not known before delivery we performed the analysis with and without these variables. The model was started with all variables mentioned in the material and method section. Table 5 shows the odds ratio with 95% confidence limits for those variables that contributed significantly to the model. The most important variable was birth weight (OR 51 for an infant with a birth weight ≥4000 g). Other variables contributing to the model were maternal age, non-Caucasian origin, multiparity, diabetes, prolonged second stage and female sex.
The minimal odds of non-recovered OBPI using the model without birth weight and sex for a male infant with a birth weight < 3500 g delivered spontaneously after a second stage < 60 minutes by a Caucasian nulliparous woman younger than 35 years without diabetes.
The difference of efficacy of the model for predicting non-recovered OBPI with and without birth weight and sex of the infants is shown in Figure 1 by Receiver-Operator-Characteristics (ROC) curve for different cut points.
Comment
The rate of OBPI in our study is higher than usually reported 6;7;9;13;14;20;22 . This can in part be explained by the fact that due to the Dutch obstetric care system most of the uneventful deliveries in our catchment area were attended by independent midwives and these are not included in our study.
An other explanation may be the high number of immigrants. Non-Caucasian women had an eightfold higher risk when corrected for birth weight in our logistic analysis. Data from an 
-155) -
≥ 4000 g 51.1 (6.1 -427) - Table 5 . Odds ratio with 95% confidence limits of non-recovered obstetric brachial plexus injury (OBPI) in infants born vaginally in cephalic presentation calculated by multivariate analysis with and without birth weight and sex of the infant (variables that did not contribute to the model are indicated by a dash)
earlier study from our department during the period 1959-1973
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, when the proportion of non-Caucasian women was much lower, showed a similar incidence of OBPI as the Caucasian group in our present study (0.2%).
The increased risk for OBPI in infants of African origin was described earlier from univariate analysis 7 . The odds ratio for OBPI in infants of non-Caucasian origin increased after adjustment for birth weight (Table 5) . Differences in body proportions of the mother or the infant could be the underlying cause.
OBPI has been described after caesarean section 2;6;9;13
. Specific risk factors for OBPI in this group could not be detected in our study. The only case after caesarean section in our study (prevalence 0.04%) was a preterm growth retarded infant in breech presentation, which was extracted with difficulty.
Infants of multiple pregnancies are usually smaller than singletons but the delivery is more often complicated because of abnormal presentation. We did not find figures in the literature regarding the incidence of OBPI in multiple births. In our study the incidence was very low (0.1%).
The studies that consider OBPI after vaginal breech delivery report an increased incidence and severity compared to cephalic delivery 5;9;20;21 . The incidence in our study was 1.0%. Average birth weight was much less than in those infants with OBPI who were born in cephalic presentation. The only risk factor in this group determined by univariate analysis was breech extraction, which is in accordance with a previous study from our department 20 .
Apparently breech extraction is a risk factor both at caesarean section and at vaginal delivery.
Complete prevention might therefore be impossible.
Because infants of multiple pregnancies, infants born after caesarean section and infants delivered vaginally in breech presentation had different characteristics we excluded them Figure 1 . ROC curve for different cutoff levels of the multivariate model described in Table 5 to predict nonrecovered obstetric brachial plexus injury in infants born vaginally in cephalic presentation with and without the knowledge of birth weight and sex of the infant from the multivariate risk calculation.
Lower experience of the caretaker was a minor risk factor for OBPI in the univariate analysis (Table 4) . In the multivariate model this factor was demonstrated not to be independent and was ejected from the model because it did not contribute significantly (data not shown).
The increased risk of female infants (Table 5 ) was to our knowledge not described earlier.
The odds ratio for female infants with OBPI who did not recover was similar to the odds ratio calculated for all female infants with OBPI (data not shown). In our study it became only apparent after multivariate analysis adjusted for other risk factors. The probable reason for the discrepancy between univariate and multivariate analysis is the difference in average birth weight between female and male infants. Female infants with OBPI had a lower birth weight than male infants with OBPI, while the prevalence in both sexes was equal.
Of course, birth weight appears to be the most important variable in predicting OBPI.
Unfortunately, antepartum estimation of fetal weight either by clinical examination or by ultrasound measurement is equally unreliable, especially in macrosomia 8;11;17 . An error of ± 20% should be taken into account. An increase of caesarean section rate was described without a reduction of neonatal injuries when sonographic fetal weight estimation was used to decide the mode of delivery 4;23 . Analysis based on probability data summarised from literature concluded that for women who are not diabetic a policy of elective caesarean delivery for ultrasonographically diagnosed macrosomia is medically and economically unsound Figure 1 shows a large area under the curve which seems to indicate the model to be useful for prediction of OBPI. However, the low incidence of the condition restricts the utility of a multivariate model.
The risk factors presented in our study have been indicated by others 6;7;9;13;14;20;22 . The difference with other studies is the use of multivariate analysis, which takes the interaction between the variables into account and enables the expression of their influence by odds ratio with confidence limits. Odds for an individual infant may be calculated by multiplying the odds ratios presented in Table 5 with the minimal odds of the model. As an example the maximum odds of a nonrecovered OBPI was 9.0 x 5.1 x 3.1 x 3.2 x 9.2 x 0.000042 = 0.18 (or a risk of 15%) for the infant of a multiparous woman of African origin older than 35 years with diabetes and a second stage of more than one hour. Only four of the 16 cases with non-recovered OBPI had an odds before delivery of ≥0.01, while 233 infants without OBPI had these odds.
In general OBPI is considered to be an unpredictable event 1;3;10;12 . Fortunately most infants recover completely after an OBPI. This study therefore investigated whether infants, who did not recover completely, had different or more pronounced risk factors. We could not detect a difference of risk factors between both groups and the predictive model appeared of limited value for the whole population. However, the multivariate model may enable individualisation of risk assessment and proper counselling of the individual woman with an exceptional risk.
